MULTI-LIGHT DRIVING DEVICE, LCD WITH MULTI-LIGHT DRIVING 
DEVICE AND METHOD FOR DRIVING LCD 

BACKGROUND OF THE INVENTION 

Field of Invention 

[0001] The invention relates to a multi-light driving device, an LCD and a method 
for driving the LCD and, in particular, to a multi-light driving device, an L.CD and a 
method for driving the LCD, which generate a dark zone that is shifted in sequence on 
a screen of the LCD. 

Related Art 

[0002] Liquid crystal displays (LCDs) are widely spread in electrical products such 
as computers. Accompanying the developing of LCD technology, the qualities of 
LCDs are improved and the screen sizes of LCDs are increased. Thus, the LCD is 
suitable for a TV display, which usually plays moving picture images. The LCD, 
however, has poor response time for the moving picture images, and, to make it worse, 
human eyes have the persistence of vision. Therefore, some problems, such as 
image blurring, exist when using an LCD for the TV display. Thus, the LCD is 
inferior to the conventional TV displays, which do not have the above-mentioned 
problem, and has limited applications for serving as a TV display. 

[0003] The conventional TV displays usually employ a cathode ray tube (CRT). 
Since the CRT utilizes impulse-type display method to show images, the 
above-mentioned image blurring issue caused by persistence of vision will not occur. 
In contrary, the conventional LCD utilizes hold-type display method to show images, 
such that when showing moving picture images, the image blurring caused by the 
persistence of vision will easily occur in the screen of the LCD. 
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[0004] Recently, a blink technology is disclosed to solve the image blurring issue. 
The blink technology performs on/off switching of the entire light-emitting units of 
the backlight module of an LCD, so that the backlight module can create blinking 
effect. Thus, the backlight module of the LCD can simulate the impulse-type display 
for eliminating the image blurring issue. Regarding the blink technology, since the 
light : emitting units perform on/off switching all the time, the brightness changing of 
the LCD screen is huge. This may result in flicker issue of vision. In addition, 
when the light-emitting units perform on/off switching all the time, the effective 
brightness of the whole screen is decreased and the quality of the display suffers. 
Moreover, when the light-emitting unit is turned on after just being turned off, the 
current of the light-emitting unit, which is typically a lamp, is fast changing and will 
pass through a transient period. When the current of the lamp passes through the 
transient, the current and the brightness of the lamp may not be accurately controlled, 
and thus the brightness uniformity between the lamps may not be easily maintained. 

[0005] As mentioned above, it is an important subjective to provide an LCD and a 
method for driving the LCD, which can maintain the brightness of the LCD, eliminate 
the image blurring, and prevent the flicker issue. Furthermore, it is an addition 
important subjective to provide a multi-light driving device, which can maintain the 
brightness of an LCD, eliminate the image blurring, and prevent the flicker issue. 

SUMMARY OF THE INVENTION 

[0006] In view of the above-mentioned problems, an objective of the invention is to 
provide an LCD and a method for driving the same, which can eliminate the image 
blurring, prevent the flicker issue, and have satisfactory brightness of the LCD. 

[0007] It is another objective of the invention to provide a multi-light driving 
device that can eliminate the image blurring, prevent the flicker issue, and have 



satisfactory brightness of the LCD. 

[0008] To achieve the above-mentioned objective, a method for driving an LCD 
includes a first brightness adjusting step and a second brightness adjusting step. In 
the first brightness adjusting step, the relative brightness between a plurality of 
light-emitting units is adjusted, so that the screen of the LCD panel presents a dark 
zone caused by the brightness distribution of the light-emitting units. The dark zone 
includes one of the scan lines, which is being activated. In the second brightness 
adjusting step, the relative brightness of the light-emitting units is readjusted after a 
specific scan timing, so that the dark zone is shifted and includes another one of the 
scan lines, which is being activated after the specific scan timing. 

[0009] Furthermore, the invention discloses an LCD, which includes a panel, a 
displaying system circuit, a backlight module, and a multi-light driving device. The 
panel includes a plurality of scan lines, and the displaying system circuit electrically 
connects to and controls the panel, and generates a system timing signal. The 
backlight module is positioned behind the panel and has a plurality of light-emitting 
units. The multi-light driving device electrically connects to the backlight module 
and generates a plurality of driving signals. The driving signals are used to drive the 
light-emitting units respectively. The multi-light driving device adjusts the current 
levels of the driving signals in sequence according to the system timing signal, so as 
to change the brightness of the light-emitting units in sequence. Thus, the screen of 
the panel presents a dark zone caused by the brightness distribution of the 
light-emitting units and including one of the scan lines, which is being activated. 

[0010] The LCD and the method for driving the same of the invention generate a 
dark zone to include a scan line being activated, which can simulate the impulse-type 
display and prevent the image blurring issue caused by the persistence of vision of 



human eyes. Furthermore, the LCD and the method for driving the same of the 
invention generate a dark zone having non-zero brightness, so that the brightness of 
the LCD screen would not be over decreased. In addition, since the dark zone has 
non-zero brightness, the brightness changing of the screen can be controlled within a 
proper range. Thus, the flicker issue can be prevented. 

[0011] The invention also discloses a multi-light driving device, which includes a 
plurality of oscillation step-up circuits and a digital control circuit. Each oscillation 
step-up circuit generates an AC signal and electrically connects to the digital control 
circuit. The digital control circuit generates sets of digital switching signals (P ia and 
Pib), which are phase controllable and duty cycle controllable. The phases and duty 
cycles of the sets of digital switching signals (P ia and P ib ) are controlled by the digital 
control circuit. The current level of the AC signal generated by each oscillation 
step-up circuit is adjusted according to the corresponding set of the digital switching 
signals (P ia and P ib ). 

[0012] Since the multi-light driving device of the invention generates sets of digital 
switching signals using a digital-control method, which are phase controllable and 
duty cycle controllable, the relative brightness between a plurality of light-emitting 
units can be easily adjusted. Thus, a dark zone can be generated in the screen of the 
LCD by the brightness distribution of the light-emitting units. In other words, the 
multi-light driving device of the invention can generate a dark zone that includes a 
scan line, which is being activated. This can simulate the impulse-type display. 
Therefore, the image blurring issue existing in the conventional LCD can be 
prevented. Furthermore, since the brightness changing of the light-emitting units is 
controlled within a proper range when driven by the multi-light driving device, the 
flicker issue can be prevented. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The invention will become more fully understood from the detailed 
description given herein below illustrations only, and thus is not limitative of the 
present invention, and wherein: 

[0014] FIG. 1 is a block diagram showing a method for driving an LCD according 
to a preferred embodiment of the invention; 

[0015] FIG. 2 is a schematic illustration showing the relationship between the 
timings for driving the scan lines of an LCD of the invention and the brightness of the 
light-emitting unit; 

[0016] FIG. 3 is a schematic illustration showing another relationship between the 
timings for driving the scan lines of an LCD of the invention and the brightness of the 
light-emitting unit; 

[0017] FIG. 4 is a block diagram showing an LCD of the invention; 

[0018] FIG. 5 is a block diagram showing a multi-light driving device of the LCD 
according to a preferred embodiment of the invention; 

[0019] FIG. 6 is a schematic illustration showing an oscillation step-up circuit of the 
multi-light driving device of the LCD of the invention; 

[0020] FIG. 7 A and 7B are timing charts showing the timings of the digital switching 
signals generated by the digital control circuit of the multi-light driving device of the 
LCD of the invention; and 

[0021] FIG. 8 is a block diagram showing another multi-light driving device of the 
LCD according to another preferred embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
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[0022] The method for driving an LCD according to the preferred embodiment of 
the invention will be described herein below with reference to the accompanying 
drawings. In the embodiment, the LCD includes a backlight module, a panel, and a 
multi-light driving device. The backlight includes a plurality of light-emitting units, 
each of which includes one or more lamps. The lamp can be a cold cathode 
fluorescent lamp (CCFL). The panel has a plurality of scan lines, and the LCD of 
the invention is a TFT-LCD with the backlight module being a direct back-light. 

[0023] With reference to FIG. 1, the method for driving an LCD includes a first 
brightness adjusting step SOI and a second brightness adjusting step S02. 

[0024] In the first brightness adjusting step S01, the relative brightness between the 
light-emitting units is adjusted by the multi-light driving device. Thus, the screen of 
the panel presents a dark zone caused by the brightness distribution of the 
light-emitting units, and the dark zone includes one of the scan lines, which is being 
activated. In this step S01, the brightness of at least one of the light-emitting units is 
decreased. The brightness of the light-emitting unit with decreased brightness is 
decreased to between 0 and 90% of the original brightness of the light-emitting unit, 
or to between 0 and 90% of the brightness of an adjacent light-emitting unit. The 
brightness of the light-emitting unit can be decreased in a continuous way or a 
step-by-step way. It is proper that the decreased brightness of the dark zone 
corresponding to the light-emitting unit is larger than 10% of that of the region 
outside the dark zone. 

[0025] In the second brightness adjusting step S02, the relative brightness of the 
light-emitting units is readjusted after a specific scan timing. Therefore, the dark 
zone is shifted and includes another one of the scan lines, which is being activated 
after the specific scan timing. The specific scan timing is, for example, the timing 



needed for driving a plurality of scan lines in sequence. The brightness of the 
light-emitting unit having decreased brightness in the step SOI is increased back to 
that of the original brightness of the light-emitting unit in the second brightness 
adjusting step S02, and the brightness of another one of the light-emitting units is 
decreased to cause the shifting of the dark zone. In this embodiment, the direction of 
the d'ark zone moving is the same as that of the scan line scanning. In addition, the 
brightness of this light-emitting unit is decreased to between 0 and 90% of its original 
brightness, or to between 0 and 90% of the brightness of an adjacent light-emitting 
unit. It is preferred that the decreased brightness of the dark zone corresponding to 
this light-emitting unit is larger than 10% of that of the region outside the dark zone. 
The brightness of the light-emitting unit can be decreased in a continuous way or a 
step-by-step way. 

[0026] It should be noted that when the LCD is powered on, the second brightness 
adjusting step S02 is repeatedly performed. Thus, the dark zone keeps shifting to 
ensure that a scan line being activated is located in the dark zone. 

[0027] The method for driving an LCD of the invention is further described with 
reference to FIG. 2 and FIG. 3. In FIG. 2 and FIG. 3, the symbols S, to S n+l 
represent part of the scan lines of the panel of the LCD, and the symbols Li and L i+ i 
represent two adjacent light-emitting units. 

[0028] FIG. 2 is a schematic illustration showing the brightness of the light-emitting 
unit, which is decreased in a step-by-step way. FIG. 3 is another schematic illustration 
showing the brightness of the light-emitting unit, which is decreased in a continuous 
way. Referring to FIG. 2 and FIG. 3, before the scan line Si is activated, the brightness 
of the light-emitting unit Lj starts decreasing. The brightness of the light-emitting unit 
Li reaches the lowest level before the scan line S(i+ m y2 is activated. Then, the 
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brightness of the light-emitting unit Li starts increasing before the scan line S m is 
activated. The second brightness adjusting step S02 begins at this moment. While 
the brightness of the light-emitting unit Lj starts increasing, the brightness of the 
light-emitting unit Lj+i starts decreasing. Thus, the brightness of the light-emitting 
unit Lj+i starts decreasing before the scan line S m is activated. At the meanwhile, the 
dark zone of the screen of the LCD is shifted. It should be noted that the specific scan 
timing is, for example, the timing from the scan line S| being activated to the scan line 
S|+ q being activated (1+q^m, q>0). 

[0029] As mentioned above, the method for driving an LCD of the invention 
generates a dark zone when the scan lines are activated sequentially, and the dark 
zone includes the scan line that is being activated. This can simulate the 
impulse-type display. Thus, the image blurring issue of the LCD can be prevented. 
Furthermore, since the method for driving an LCD of the invention generates the dark 
zone having non-zero brightness, the brightness of the LCD screen would not be over 
decreased. Moreover, since the dark zone has non-zero brightness in the invention, 
the brightness changing can be controlled within a proper range. Thus, the flicker 
issue can be prevented. 

[0030] An LCD according to a preferred embodiment of the invention will be 
described with reference to FIG. 4 to FIG. 8. 

[0031] Referring to FIG. 4, the LCD of the invention includes a panel 1, a 
displaying system circuit 2, a multi-light driving device 3, and a backlight module 4. 

[0032] The panel 1 includes a plurality of scan lines. In this embodiment, the 
panel 1 further includes a data line driving circuit and a scan line driving circuit (not 
shown). The displaying system circuit 2 electrically connects to the panel 1 to 
control the panel 1, and generates a system timing signal to the multi-light driving 
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device 3. The backlight module 4 is positioned behind the panel 1 and has a 
plurality of light-emitting units. With reference to FIG. 5, the CCFL 9 is equivalent 
to the above-mentioned light-emitting unit. In this case, as shown in FIG. 5, a 
light-emitting unit is consisting of one lamp. 

[0033] The multi-light driving device 3 electrically connects to the backlight 
module 4 and generates a plurality of driving signals. The driving signals drive the 
light-emitting units (the CCFLs 9), respectively. The multi-light driving device 3 
adjusts the current levels of the driving signals in sequence according to the system 
timing signal of the display system circuit 2 to change the brightness of the 
light-emitting units in sequence. Thus, the screen of the panel 1 presents a dark zone 
caused by the brightness distribution of the light-emitting units, and the dark zone 
includes one of the scan lines, which is being activated. Furthermore, with reference 
to FIG. 5, the multi-light driving device 3 of the invention includes a plurality of 
oscillation step-up circuits 3 1 and a digital control circuit 32. 

[0034] Each of the oscillation step-up circuit 31 generates an AC signal, and 
electrically connects to one of the light-emitting units of the backlight module 4. The 
AC signal is used to drive one of the light-emitting units and to control the brightness of 
the light-emitting unit. 

[0035] The digital control circuit 32 respectively connects to the oscillation step-up 
circuits 31, and generates sets of digital switching signals (P ia and P ib ), which are 
phase controllable and duty cycle controllable. The sets of digital switching signals 
are respectively transmitted to the oscillation step-up circuits 31 (as shown in FIG. 6). 
The phase and a duty cycle of each set of the digital switching signals (Pj a and P&) are 
controlled by the digital control circuit 32. With reference to FIG. 5, the digital 
control circuit 32 outputs N sets of digital switching signals (from Pu and P !b to P Na 



and P Nb ). The digital control circuit 32 adjusts the duty cycle of each set of digital 
switching signals (P ia and P ib ) according to the system timing signal output from the 
displaying system circuit 2. 

[0036] With reference to FIG. 6, each oscillation step-up circuit 31 includes a 
switching unit 311 and a resonance step-up unit 312. In this embodiment, the 
switching unit 311 includes two bipolar transistors and two resistors. The base 
electrodes of the transistors electrically connect to the resistors, respectively, and the 
resistors further connect to the digital control circuit 32. The resonance step-up unit 
312 is mainly composed of a transformer 3121 and a capacitor 3122, wherein the two 
ends of the capacitor 3122 are connected to the collectors of the transistors of the 
switching unit 311. The resonance step-up unit 312 may further connect to a CCFL 
9 (the light-emitting unit). The switching unit 311 may consist of only two MOS 
transistors (not shown). In such a case, the digital control circuit 32 outputs the 
digital switching signals (P ia and P ib ) to control the gates of the MOS transistors. 

[0037] When utilizing the method for driving an LCD of the invention to drive the 
CCFLs 9, the duty cycle of the digital switching signals (P ia and P ib ) generated by the 
digital control circuit 32 is adjusted to decrease the brightness of one CCFL 9. With 
reference to FIG. 7 A and FIG. 7B, the duty cycle of the digital switching signals (P ia 
and P ib ) is adjusted from that shown in FIG. 7 A to that shown in FIG. 7B. Therefore, 
the brightness of the light-emitting unit Li can be decreased as shown in FIG. 2. In 
contrary, when the brightness of the light-emitting unit Li is to be increased, the duty 
cycle of the digital switching signals (P* a and Pi b ) is adjusted from that shown in FIG. 
7B to that shown in FIG. 7A. At the meanwhile, the brightness of the light-emitting 
unit Li+i is decreased according to another set of digital switching signals (P(j+i) a and 
P(i+i)b). Furthermore, as shown in FIG. 8, the digital control circuit 32 may include a 
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digital switching signal generating circuit 321 and a multiplex feedback-control 
calculating circuit 322. 

(0038] The digital switching signal generating circuit 321 electrically connects to 
each of the oscillation step-up circuits 31, and generates sets of digital switching signals 
(P ia and P ib ). Each set of digital switching signals (P ia and P ib ) is input to each 
oscillation step-up circuit 31. The multiplex feedback-control calculating circuit 322 
controls the digital switching signal generating circuit 321, and controls the duty 
cycles of each set of the digital switching signals generated by the digital switching 
signal generating circuit 321 according to feedback signals from each CCFL 9. In 
the present embodiment, the feedback signals of each CCFL 9 can be current signals 
or voltage signals. 

[0039] As mentioned above, since the LCD of the invention generates sets of 
digital switching signals using a digital-control method, which are phase controllable 
and duty cycle controllable, the relative brightness between a plurality of 
light-emitting units can be easily adjusted. Thus, a dark zone can be generated in the 
screen of the LCD by the brightness distribution of the light-emitting units. In other 
words, the LCD of the invention can generate a dark zone that includes a scan line, 
which is being activated. This can simulate the impulse-type display. Therefore, 
the image blurring issue existing in the conventional LCD can be prevented. 
Furthermore, since the brightness changing of the light-emitting units is controlled 
within a proper range when driving the LCD of the invention, the flicker issue can be 
prevented. Although the multi-light driving device of the LCD of the invention 
generates the sets of digital switching signals using a digital-control method, which 
are phase controllable and duty cycle controllable, in this embodiment, the multi-light 
driving device may also generate the digital switching signals using an analog-control 
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method. 

[0040] The LCD and the method for driving the same are described, wherein the 
multi-light driving device of the invention is illustrated in the above-mentioned 
embodiments. Thus, an additional embodiment for describing the multi-light driving 
device is omitted. 

[0041] Although the invention has been described with reference to specific 
embodiments, this description is not meant to be construed in a limiting sense. 
Various modifications of the disclosed embodiments, as well as alternative 
embodiments, will be apparent to persons skilled in the art. It is, therefore, 
contemplated that the appended claims will cover all modifications that fall within the 
true scope of the invention. 
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